Objective: To define fatty acid and macronutrient intakes in a rural Chinese preschool population, and relate these intakes to anthropometric indices. Design: Cross-sectional survey of anthropometry and diet (three 24-h recalls). National Centers for Health Statistics/World Health Organization growth reference charts were used to determine the prevalence of malnutrition (z-scores less than À2 standard deviation (s.d.) below the mean): height-for-age (stunted), weight-for-age (underweight), weight-for-height (wasted) and mid-upper-arm-circumference-for-age (low fat/muscle). Subjects and setting: A total of 196 children aged 1-5 years old were volunteered by their families to participate in the survey, located in Heqing County, Yunnan Province, China. Results: The respective prevalence of stunting, underweight, wasting and low fat/muscle was: 38, 21, 2 and 8%. Daily intakes of linoleic acid (LA; 18:2n-6), a-linolenic acid (LNA; 18:3n-3), arachidonic acid (AA; 20:4n-6) and docosahexaenoic acid (DHA; 22:6n-3), averaged for all children, were 2 10071200, 3007250, 55735 and 307140 mg/day, respectively. As percent of total fat intake, LA contributed 11.9%, LNA 1.8%, AA 0.3% and DHA 0.2%. Height-for-age and weight-for-age z-scores were negatively correlated with g/kg/day intake of LA and AA (Po0.05). Weight-for-height z-score was negatively correlated with AA g/kg/day intake (Po0.05). Conclusions: This study provided polyunsaturated fatty acids (PUFA) intakes in rural preschool children in a developing country. The associations of PUFA intake with early childhood growth suggest that growth in preschool-aged children could be significantly and specifically related to n-6 fatty acid intakes. Sponsorship: ECOFund and NSERC.
Introduction
The essential fatty acids (EFA) a-linolenic acid (LNA; 18:3n-3) and linoleic acid (LA; 18:2n-6) are precursors to docosahexaenoic acid (DHA; 22:6n-3) and arachidonic acid (AA; 20:4n-6), respectively. a-Linolenic acid and LA are exclusively diet-derived, whereas DHA and AA can be endogenously synthesized via desaturation and elongation, or consumed in food (Yamanaka et al., 1980; Tinoco, 1982; Cook et al., 1983; Sprecher, 1986) . Docosahexaenoic acid and AA enhance growth in term and preterm infants (Clandinin et al., 1980, ) and have been shown to affect visual acuity and maturation of the visual cortex Birch et al., 2002) . Docosahexaenoic acid and AA also affect cell signaling, maintain optimal states of fluidity and enhance neurovascular membrane integrity (Hardy and Kleinman, 1994; Jorgensen et al., 1996; Giovanni et al., 1998; Larque et al., 2002; Crawford et al., 2003; Uauy et al., 2003) as well as augment cognitive development (Agostoni et al., 1995; Birch et al., 2000,) . Long-chain polyunsaturated fatty acids (LCPUFAs) may therefore play a very important role in growth and development in later childhood, yet intake data by preschool children are sparse, especially in developing countries.
Owing to the scarcity of polyunsaturated fatty acids (PUFA) intake information, Dietary reference intakes (DRIs) for PUFAs are based on perceptions of adequate intakes (AI) (Food and Nutrition Board and the Institutes of Medicine, 2002) . Currently, the AI for n-6 fatty acids for 1-3-year-old children is 7 g/day and 10 g/day for children 4-8 years old. The AI for n-3 fatty acids is 0.7 g/day for 1-3-year-old children and 0.9 g/day for older children. The AI is believed to encompass the needs of all individuals in a gender or age group, but sufficient dietary data are lacking, thereby preventing confident specification of the percentage of individuals in a specific gender and age group whose needs are met by the AIs.
Dietary PUFA intake by these children in developed countries has been estimated using several different methods; methods may not be comparable with quantifying intakes. A study of 18-43-month-old British children used 3-day food records to estimate PUFA intake to be approximately 4% of total energy, but the intake of individual PUFAs (g/days) was not reported (Rogers and Emmett, 2002) . Other investigation of PUFA intake in 2-7-year-old British children used a 24-h recall method and reported that LA comprised 3.7% of total energy intake and LNA 0.41%, equalling approximately 7.4 and 0.7g/day for LA and LNA, respectively (Meyer et al., 2003) . Mean intake in mg/day was 19 and 36 for AA and DHA, respectively. Canadian children 18-60 months old consumed 3.6% of total energy as LA and 0.7% as LNA, which was approximately 8.8 and 1.7 g/day for LA and LNA, respectively (Innis et al., 2004) . The mean intake of AA and DHA was reported to be 2197115 and 88710 mg/day, respectively using a food frequency questionnaire (FFQ) that has limited accuracy (Stein et al., 1994) , as food preparation information is lost and portion size variation is difficult to describe. Using three 24-h recalls that capture more dietary details than FFQs, Lien and Clandinin (2005) described EFA intakes of 78 4-7-year-old Canadian children. Intake for LA, LNA, AA and DHA was 7.473.3, 0.7170.5, 57735 and 37763 mg/day, respectively.
Essential fatty acids and long-chain polyunsaturated acids (LCPUFA: AA and DHA) are critical for childhood development. Appropriate intake, proportion and ratio of EFA and EFA metabolites are necessary for optimal health and to lower the risk of EFA-associated disorders. Research to determine PUFA intakes during childhood in developing countries is thus required. Better understanding of the relationship between EFA consumption and health parameters, including childhood growth, is necessary. The present study examined relationships between anthropometric indices and fatty acid intakes in China where intake data are lacking.
A cross-sectional study was undertaken in a rural Chinese population to estimate EFA and LCPUFA intakes, and to determine if intakes differed according to anthropometric measures. A 1992 national survey in China revealed that average fat intake by children totalled 16-20% of total energy intake, without describing PUFA intake (Chunming, 2000) . No study has compared nutritional status to fatty acid intakes by preschool-aged children in rural China.
Subjects and methods
Ethics approval was received from the Human Research Ethics board of the Faculty of Agriculture, Forestry and Home Economics, University of Alberta.
Subject recruitment
The researchers requested permission from the Heqing County Health Bureau, Heqing County, Yunnan Province, to perform a nutritional status assessment of preschool-aged children in the county. Shuanlun and Ruyi were chosen by the Health Bureau on the basis that each village has a health clinic and can be accessed by road. To recruit subjects, the Heqing County Health bureau officials and the researchers hosted two public forums in August 2003 and February 2004 in the villages of Shuanlun and Ruyi. As a result of these forums, parents made the decision whether to consent to have their children included in the study. Volunteers in each village went to their respective health clinics to sign up for the study, and consent forms were signed and collected by the interviewers in the participant's home on the first visit. Children more than 5 years old or below 1 year old were excluded; thus, the age range for inclusion was 12-59 months. Families were accepted into the study during February 2004 with the goal of obtaining 200 children for study, based on the number of health-care workers available to be hired, and that the study was to be completed before spring harvest. A total of 199 children were recruited from a total of 198 households. Data were collected during March and April 2004.
Interviewer training
Health-care workers in the villages took part in a 1-day training workshop, which explained data collection methods: interview techniques, a demographic questionnaire, the 24-h recall procedures and anthropometric measurements. The focus of the present paper is on EFA intakes. Full diet analysis and presentation of socio-economic data are presented elsewhere.
Local interviewers also received a handbook of detailed instructions pertaining to study procedures, adapted from the MICAH Guide World Vision Canada (2005), Gibson and Ferguson's 24-h recall procedure (1999) and Cogill's Anthropometric Indicators Measurement Guide (2003) . The handbook was translated into Mandarin and then translated back into English to ascertain accuracy and meaning consistency.
Dietary data
Interviewers were given a package of 24-h recall forms with measuring tools to aid in estimating portion sizes. The primary caregiver, usually the mother, completed three 24-h recalls on non-successive days.
Food variety and preparation methods in the region are somewhat limited, thus simplifying description. Interviewers measured common portion sizes three times to obtain the mean weight of food types normally served. The caregiver estimated portion sizes with the interviewer using bowls and utensils used by the child. The interviewer then calculated the weight of food the child ate by multiplying number of serving portions by the mean weight for that portion size. Recipes and serving sizes were also requested from the caregiver when combination foods were eaten. Food Processor SQL Edition Version 9.1.2 (ESHA Research, Salem, OR, USA) was used to analyze recipes and dietary intakes, supplemented by the 2002 Chinese Food Composition Table (Peking University Medical Press). The interviewers were visited each morning during the data collection period to review the previous day's responses and families were revisited in cases of unclear or incomplete data.
Anthropometric data
Anthropometric measurements were performed as specified by Cogill (2003) . Height was measured with a portable stadiometer (Quick Medical) to the nearest 0.1 cm for children 424 months, and length was measured for children 12-23 months with a portable mat (Quick Medical) to the nearest 0.1 cm. Weight was measured to the nearest 0.1 kg on a Secca digital scale (Quick Medical). If the child could not stand, the caregiver was weighed alone and then weighed again holding the child; the caregiver's weight was subtracted from the total to obtain the child's weight. Midupper-arm circumference (MUAC) was taken on the left arm with flexible steel tape and recorded to the nearest 0.1 cm.
Until the age of 5 years, differences in growth velocity and size between populations of disparate SES are caused by environmental factors rather than ethnic differences in growth potential (Beaton et al., 1990) . Anthropometric measures were reported as z-scores below or above the mean of international reference values. The reference population growth charts are derived from the National Centre for Health Statistics (NCHS)/World Health Organization (WHO) Reference Data, recommended for use by the WHO for international comparisons (WHO, 1995; E Frongillo, personal communication) . Children with z-scores greater than 2 s.d. below the mean are considered at least moderately malnourished (WHO, 1995) . Wasting (weight-for-height, WHZ) is defined by weight loss or insufficient weight gain relative to height. Wasting implies short-term diet inadequacy or illness. Stunting (height-for-age, HAZ) is insufficient height gain relative to age, implying long-term inadequate dietary intake or illness. Underweight (weightfor-age, WAZ) is a composite measure of chronic and acute malnutrition, defined as insufficient weight gain or low weight relative to age. Decreased muscle and/or fat are measured by MUAC-for-age (MAZ). MAZ is considered an alternative index of nutritional status, but MAZ was included in this analysis as additional data on growth. MUAC is often used where height and weight measurements are difficult to obtain, as MUAC provides comparable information to wasting.
Statistical analyses z-scores were calculated using the US Centers for Disease Control (CDC) anthropometric software package, Epi-Info Version 6.0. Anthropometric measurements, zscores and results of dietary analysis were analyzed using SPSS for Windows, Version 12.0. Statistical tests included correlation and partial correlation, t-test for interval data and w 2 and Mann-Whitney U-tests for categorical data. Significant differences were considered at Po0.05. Children were grouped into 1-3-and 4-5-year-old age groups, based on DRI age categories (Food and Nutrition Board and the Institutes of Medicine, 2002). a-Linolenic acid, AA, DHA and total n-3 fatty acid intake distributions were negatively skewed and not normally distributed. The curves were adjusted by log 10; however, significant relationships did not change. Original values are therefore reported.
Results

Demographics
The 196 children who were recruited for the study represented 39% of children 1-5 years old in Ruyi and Shuanlun. The majority of participating households were of the Bai minority ethnic group (77%), and the remainder were Han. Although fewer girls than boys were recruited, the proportion of boys to girls did not significantly differ across age categories.
Anthropometric prevalence
The percent of total children and percent of at least moderately malnourished children under each index are depicted, categorized by age group (Table 1 ). The prevalence of stunting was 37.8%, of wasting 2.0%, of reduced muscle/ fat mass 8.3% and of underweight 20.9%, using the NCHS/ WHO growth charts. The majority of the underweight and stunted children were 1-3 years old. The age of underweight vs non-underweight children was not different (32.3713.6 vs 31.6711.3 months) within the 1-3-year-old group. Stunted children (37712.3 months) were significantly older than non-stunted children (28.4710.4 months) (Po0.001) in the 1-3-year-old age group. Within the 4-5-year-old group, the ages of stunted (59.077.9 months) vs non-stunted (61.877.7) and underweight (62.376.4 months) vs non-underweight (60.778.0 months) were not significantly different.
Dietary intake Macronutrient composition. Children 1-3 years old ate significantly less total calories (6607258 vs 8177223 kcal/day), total carbohydrate (109742 vs 140741 g/day) and total protein (1878 vs 2076 g/day) than 4-5-year-old children (Table 2) . Protein intake as percent of total energy did not significantly differ by age group; however, carbohydrate intake as percent of total energy was less in the younger group (6578 vs 6978%) (P ¼ 0.002). Younger children ate significantly more percent of total energy as fat than did older children (2477 vs 2177%) (P ¼ 0.003). There was no significant difference between the age groups in total fat intake (18710 vs 1979 g/day).
Fatty acid intake. Mean intakes of fatty acids in mg/day, mg/ kg body weight/d and as percent of total energy intake are presented (Table 3) . Average DHA and AA intakes were 307129 and 54738 mg/day, respectively. Of children aged 1-5 years, 89.8% had intakes of n-3 fatty acids less than the AI of 0.7g/day for 1-3-year-old children, and 99.0% had intakes of n-6 fatty acids less than the AI of 7 g/day for 1-3-year olds. In absolute numbers, three 4-5-year-old children exceeded the AI of 0.9g/day for n-3 fatty acids, whereas 11 1-3-year-old children exceeded the AI of 0.7 g/day for n-3 fatty acids. Two children aged 1-3 years exceeded the AI of 7g/day for n-6 fatty acids, and no children aged 4-5 years exceeded the 10 g/day AI for n-6 fatty acids.
Anthropometric indices. Total n-6 fatty acid intake was significantly greater in the stunted (P ¼ 0.03) and underweight (P ¼ 0.01) groups than in the non-stunted and non-underweight groups (Table 4) . Total n-6 fatty acid intake was significantly greater (P ¼ 0.02) in the underweight (2087140 mg/kg/day) than in the non-underweight (162787 mg/kg/day) group. Underweight children consumed 675 mg AA/d whereas non-underweight children consumed 473 mg AA/kg/day (P ¼ 0.02). Energy (kcal/kg/day), protein, carbohydrate and fat intakes (g/kg/day) were significantly greater in the stunted and underweight groups (Po0.05).
The ratio of n-6:n-3 fatty acid intake is described (Table 5 ). The ratio was not significantly different between stunted and non-stunted or between underweight and non-underweight children aged 4-5 years. For 1-3-year-old children, the n-6: n-3 ratio was not significantly different between underweight and non-underweight children; however, stunted children aged 1-3 years had a significantly higher n-6:n-3 fatty intake ratio than non-stunted children (P ¼ 0.035). For the total of all children, neither stunted and non-stunted nor underweight and non-underweight children had significantly different n-6:n-3 fatty acid intake ratios.
Discussion
The results reveal that preschool-aged children in rural southwestern China may not have adequate macronutrient Abbreviations: HAZ, height-for-age z-score; MAZ, mid-upper-arm-circumference-for-age z-score; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score. Abbreviations: AA, arachidonic acid; AI, adequate intake; DHA, docosahexaenoic acid; LA, linoleic acid; LNA, a-linolenic acid. *Intakes (mg/day) are not significantly different between age groups. **P-values represent differences in intakes between age groups, Student's t-test. or EFA intakes. Furthermore, a significant proportion of children in Heqing County had poor nutritional status in comparison to the NCHS/WHO reference population, as indicated by the high prevalence of stunting and underweight. Thus, despite China's growing economy, children in rural areas continue to be at risk for malnutrition. Few children had sufficient dietary EFA intake using the DRIs for n-3 or n-6 fatty acids as a reference. Children 1-3 years old consumed approximately half of the AI (0.7 g/day) for n-3 fatty acids. Older children consumed slightly more n-3 fatty acids yet still less than the AI of 0.9 g/day for 4-8-year-old children. Young children consumed less than a third of the AI of 7 g/day n-6 fatty acids for 1-3-year-olds, and 4-5-year-old children consumed less than a quarter of the 10 g/day AI. Despite low absolute intake, intakes as percent of total energy were comparable to other dietary intake studies (Meyer et al., 2003; Innis et al., 2004) . Intakes in this population were approximately 3.0-3.5% of total energy. Polyunsaturated fatty acids intakes estimated with FFQs in 1.5-5-year-old children in Canada were 4.570.2% (Innis et al., 2004) . Using diet records, British children were estimated to consume 3.7-4.3% of total energy as PUFAs (Meyer et al., 2003) . Although methods of collecting dietary intake data in these studies differ, children's dietary intake of PUFAs tends to be around 4% of total energy.
Almost none of the Chinese children met the AI for n-3 or n-6 fatty acids. The Chinese Recommended Nutrient Intakes (RNI) (Chinese Nutrition Society, 2005) do not specify recommended intakes for n-3 or n-6 fatty acids; however, there is a recommendation for fat intake of 30-35% of total energy. The Chinese children whom we examined in the present study had low fat intakes that did not meet the Chinese RNI or North American recommendations for fat intake.
Preterm and very low birth weight infants benefit from AA þ DHA supplementation, as evidenced by increased growth . To the authors' knowledge, there are no descriptions available in the literature of fatty acid intakes in specific relation to anthropometric indices of preschool-aged children in developing countries such as China. Arachidonic acid and total n-6 fatty acids were the only fatty acids to show significant difference between malnourished and nourished groups in this population. Children with z-scores less than À2 s.d. below the median of the reference population consumed more AA than did children above À2 s.d. This implies that more poorly nourished children may have consumed more AA at the time of assessment than did better-nourished children; however, EFA intakes were low in both groups.
Micronutrient deficiencies, likely in this rural Chinese population, may contribute to impaired EFA bioavailability and metabolism (Smit et al., 2004) . Subsequently, the somewhat unexpected negative relationship between growth and n-6 intake in Chinese children should be confirmed with studies examining the impact of AA and n-6 intake on growth in the presence and absence of malnutrition. It is unlikely that EFA deficiency can be separated in its effects on growth in the presence of other nutrient inadequacies that also occur in this population. It is also important to note the large s.d. of essential fatty acid intakes, affecting the reliability of the significant result. As a final consideration, it is also possible that caregivers were aware of their child's poor nutritional status and were compensating by providing more nutrient-dense foods such as eggs and pork, thus providing additional sources of AA.
The ratio of n-6/n-3 was significantly different between 1-3-year-old stunted and non-stunted children. This difference was not found in the other age or anthropometric indices group. The significant difference between intakes in the stunted/non-stunted groups may be age, given that stunted children were older than non-stunted children within the 1-3-year-old age group. The possibility that caregivers were compensating for their child's nutritional state must be noted. Previous studies have reported that stunted children had higher energy and protein intakes per kg body weight than non-stunted children in developed countries, indicating that stunted children were fed more food (Walker et al., 1990; Krahenbuhl et al., 1998) .
The study may be limited in its methodology, specifically subject recruitment and dietary data collection. Children were volunteered by their families to participate in the study and this may have introduced a selection bias. It is possible that the sample may be more poorly nourished than the rest of the population. The opposite situation, that the sample is healthier than the population, could also be argued if parents of especially healthy children were motivated to participate. It is impossible to determine if either case is accurate. Dietary intake data are notoriously difficult to obtain accurately. Twenty-four-hour recalls are relatively easy to perform, require low respondent commitment and allow the respondent to provide complete preparation and food type information (Biro et al., 2002) . Although respondents may forget or omit information, the 24-h recall can be performed in any culture and it does not require the respondent to be literate or to record and alter his or her behavior in response to recording. Unlike macronutrient intakes, which are less variable and require fewer days to obtain accurate information, micronutrient intakes are difficult to assess and are subject to high within-person error caused by daily variation around true long-term intake; therefore, several 24-h recalls are required to be accurate (Beaton et al., 1983; Paeratakul et al., 1998) . Repeated 24-h recalls were therefore collected as recommended to estimate average intakes for a group and to estimate the percentage of children at risk of inadequate intakes (Ferguson et al., 1994) . We conclude that fatty acid intake may have a relationship with growth and stature in children 1-5 years old, although it is difficult to ascertain the impact of fatty acid on growth separately from other nutrients in the presence of inadequate intakes of other nutrients. The impact of individual fatty acids on growth in later childhood should be further investigated in randomized, controlled studies to determine if n-6 fatty acids specifically impact growth. China may want to consider setting DRIs for EFA intake by children, as North American standards may not be accurate for the Chinese population.
